Introduction
Inflammatory bowel disease (IBD), principally Crohn's disease (CD) and ulcerative colitis (UC), is a chronic inflammation of the intestine. Although the precise pathogenesis of IBD remains poorly understood, it is clear that dysregulated host-microbial interactions are involved in initiating and perpetuating IBD [1, 2] .
The mucosal surface of the intestinal tract is exposed continuously to a large number of microorganisms such as bacteria, fungi, viruses and parasites that could act as pathogens [3, 4] . Epithelial cells separate these microorganisms from internal tissues over an enormous surface area. To cope with the microbial exposure, epithelial cells produce anti-microbial peptides (AMPs) which inhibit the growth and the invasion of pathogens [5] . Human AMP cathelicidin LL-37 is a cationic peptide and it plays an important role in the early host response against invading pathogens. LL-37 is generated by extracellular cleavage of the C-terminal end of the proform hCAP18 by the kallikreins [6] . Recently, LL-37 has been reported to be expressed mainly by the epithelial cells of various tissues [7] and to exhibit broad-spectrum anti-microbial activity against Grampositive and -negative bacteria, protozoa, fungi and viruses [8] .
Recent studies have reported that LL-37 is involved in the pathophysiology of diverse inflammatory disorders, such as gingivitis, bronchitis, dermatitis, keratitis, pneumonitis and enteritis [9] [10] [11] [12] . However, there are few reports of LL-37 expression in IBD. Initial study showed that mucosal mRNA expression of LL-37 is enhanced in UC patients but not in CD patients [12] . However, the authors did not perform precise characterization of LL-37 expressing cells and the regulatory mechanism of LL-37 induction [12] . Another study focused on circulating neutrophils and demonstrated that LL-37 expression was up-regulated in peripheral neutrophils in patients with CD [13] . Butyrate has been reported to induce LL-37mRNA in colon cancer cell lines HT-29 [14] , but extensive study of the regulatory mechanisms of LL-37 induction has not been performed in any other cell types.
Colonic subepithelial myofibroblasts (SEMFs) are asmooth muscle actin (SMA)-positive cells, which are located subjacent to the basement membrane of the intestinal mucosa [15] . We have reported previously that colonic SEMFs play important roles in the physiological processes associated with inflammatory response and mucosal repair in the intestine [16] .
In the present study, to explore the alteration of antimicrobial activity in IBD we investigated LL-37 expression in the inflamed mucosa of patients with IBD. In addition, the regulatory mechanisms underlying LL-37 induction were analysed in human colonic SEMFs.
Materials and methods

Reagents and antibodies
All reagents and antibodies used in this study are listed in Supporting information, Table S1 .
Tissue samples
The diagnosis of IBD was based on conventional clinical and endoscopic criteria. Clinical activity of patients was determined based on the colitis activity index for UC and Crohn's activity index [17, 18] . Tissue samples were obtained by colonoscopy or surgery. Tissue samples of active and inactive lesions were collected from endoscopically active and inactive lesions of patients, respectively. Normal colorectal tissues were obtained by the surgical resection of colon cancer at distal tumour sites. The ethics committee of the Shiga University of Medical Science approved this project, and written informed consent was obtained from all patients (Permit number: 27-27).
Culture of colonic SEMFs
The primary culture of human colonic SEMFs was prepared according to the method reported by Mahida et al. [19] . The cellular characteristics and culture conditions have been described in our previous report [20] . The purity of SEMFs was confirmed by a-SMA-positivity, and was greater than 95%. All studies were performed on passages 3-6.
Immunohistochemistry
Immunohistochemical analyses were performed according to the method described in our previous report [21] . Briefly, mouse anti-LL-37 antibody was used as the primary antibody, then sections were treated with horseradish peroxidase (HRP)-labelled anti-mouse antibody. Diaminobenzidine was used as a substrate for colour development.
For the double-staining procedures, anti-LL-37 antibody was applied and incubated overnight at 48C in a humidified chamber. Subsequently, anti-a-SMA antibody was applied and incubated overnight at 48C. Dylight488-labelled antimouse IgG and Dylight549-labelled anti-rabbit immunoglobulin (Ig)G were used as secondary antibodies. Images were obtained with a digital confocal laser scanning microscope, LSM510 version 3.0 (Carl Zeiss Meditec, Tokyo, Japan).
Real-time polymerase chain reaction (PCR) analysis
Total RNA was extracted using the TRIzol reagent (Invitrogen, Carlsbad, CA, USA). Total RNA was converted to cDNA using Superscript II (Invitrogen). Real-time PCR was performed using the LightCycler480 System II (Roche Diagnostics, Basel, Switzerland) with specific primers for target genes. The mRNA expression was converted to a value relative to b-actin mRNA expression and presented as fold increase relative to the results for medium alone. The oligonucleotide primers used in this study are listed in Supporting information, Table S1 .
Enzyme-linked immunosorbent assay
LL-37 protein levels in culture supernatant were measured by an enzyme-linked immunosorbent assay (ELISA) kit purchased from HycultBiotech (Plymouth Meeting, PA, USA). Interleukin (IL)-6 and IL-8 levels in culture supernatant were measured by an ELISA kit purchased from R&D Systems (Minneapolis, MN, USA).
Silencing of gene expression in cultured cells
Colonic SEMFs were transfected with siRNAs specific for intracellular adaptor proteins [Toll/IL-1R domaincontaining adaptor-inducing interferon (IFN) (TRIF), tumour necrosis factor receptor-associated factor (TRAF)3, TRAF6, transforming growth factor b-activated kinase 1 (TAK1), NF-jBp65 and c-Jun] using lipofectamine RNAi-MAX (Invitrogen). Briefly, cells were cultured in complete medium in the presence of a mixture of an RNAi duplex and lipofectamine RNAiMAX for 24 h. The extraction of nuclear protein was performed according to a previous report [22] . Nuclear proteins were extracted using the CelLytic NuCLEAR Extraction Kit (Sigma-Aldrich, St Louis, MO, USA). Extracted nuclear proteins were subjected to immunoblotting with rabbit anti-p65NF-jB (C-20) antibody or mouse anti-phospho (P)-c-Jun (KM-1) antibody. These were followed by incubation with HRP-labelled anti-rabbit antibody or HRPlabelled anti-mouse antibody. Signal detection was performed using the enhanced chemiluminescence Western blot system (GE Healthcare, Little Chalfont, UK).
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Immunoprecipitation
The cells were stimulated for 5 min with polyinosinicpolycytidylic acid [poly(I:C)], an analogue of viral dsRNA. After stimulation, the cells were lysed using a lysis buffer. The lysates were incubated with human anti-TRAF6 antibody and mMACS MicroBeads (Miltenyi Biotec, Bergsch Gladbach, Germany) on ice for 30 min, and then applied onto a m column (Miltenyi Biotec). The control was incubated with normal IgG and beads. After vigorous washing steps, proteins were eluted from the beads by heating in a loading buffer and were then subjected to immunoblot for detection of TRIF and TAK1.
Statistical analysis
Differences between samples were evaluated using the nonparametric Mann-Whitney U-test. Differences resulting in P-values of lower than 0Á05 were considered to be statistically significant.
Results
Expression of LL-37 in patients with IBD
To evaluate the expression of LL-37 in the inflamed mucosa of patients with IBD, we investigated the mRNA expression of LL-37 in biopsy specimens using real-time PCR. As shown in Fig. 1a , the mRNA expression of LL-37 was increased significantly in the active mucosa of UC and CD patients compared to normal mucosa. There were no significant differences between inactive and normal mucosa.
As shown in Fig. 1b and Supporting information, Fig. S1 , the expression of LL-37 was detected in the cells located below the basement membrane of the epithelial cells. To characterize the cellular origin of LL-37 in the inflamed mucosa, the samples were double-stained with anti-a-SMA, a marker for myofibroblasts, and anti-human LL-37 antibody (Fig. 1c) . In the normal mucosa, a-SMA (red fluorescence) was clearly stained at the subepithelial regions, but LL-37 (green fluorescence) was not detected. Conversely, LL-37 was detected clearly in the subepithelial regions in the active mucosa of patients with UC and CD. The a-SMA/LL-37 double-positive cells were detected as yellow, and the LL-37-positive cells coincided with parts of the a-SMA-positive cells. These findings indicate that colonic SEMFs are a major source of LL-37 in the inflamed mucosa of IBD patients.
The regulation of LL-37 expression in human colonic SEMFs
Regulation of LL-37 expression was investigated in isolated colonic SEMFs. The cells were cultured for 12 h with various cytokines, and LL-37mRNA expression was measured using real-time PCR. None of the cytokines affected the mRNA expression of LL-37 significantly (Fig. 2a) . Of the Toll-like receptor (TLR) ligands used [lipopolysaccharide (LPS; TLR-4 ligand), poly(I:C); TLR-3 ligand, cytosinephosphate-guanine (CpG); TLR-9 ligand and Fragellin; TLR-5 ligand and N-formyl-L-methionyl-L-leucylphenylalanine (fMLP)], only poly(I:C) enhanced the mRNA expression of LL-37 significantly (Fig. 2b) . Immunoblot analysis showed that the expression of LL-37 protein in the cells was enhanced by poly(I:C) compared to medium alone (Fig. 2c) . Stimulation by poly(I:C) enhanced the secretion of LL-37 in the supernatant (Fig. 2d) . The induction of LL-37 secretion by poly(I:C) was observed in both dose-and time-dependent manners (Fig. 2e,f) .
Assembly of intracellular adaptor proteins (TRIF, TRAF6 and TAK1) by poly(I:C) stimulation
We next examined the signal transduction involved in the induction of LL-37 by poly(I:C) stimulation. Most TLRmediated responses are controlled mainly by the myeloid differentiation factor 88 (MyD88)-dependent signalling pathway, but TLR-3 uses the TRIF-dependent pathway [23] . As shown in Fig. 3a , the transfection of siRNA specific for TRIF suppressed the expression of LL-37mRNA by poly(I:C) stimulation significantly, indicating that the TRIF-dependent pathway is involved in poly(I:C)-induced LL-37 induction in colonic SEMFs. Efficacy of siRNAs for targeted genes was shown in Supporting information, Fig. S2a .
In addition, it has been reported that TRIF recruits TRAF6, leading to the activation of MAPKs and nuclear factor kappa B (NF-jB) [24] . Moreover, it has been reported that TRIF interacts not only with TRAF6 but also with TRAF3, followed by the activation of TANK binding kinase 1, leading to the phosphorylation of interferon regulatory factor 3 [24] . In colonic SEMFs, the transfection of siRNA specific for TRAF6, but not TRAF3, suppressed the expression of LL-37mRNA significantly (Fig. 3b) . TAK1 is located downstream of TRIF and TRAF6. The transfection of siRNA specific for TAK1 suppressed the expression of LL-37mRNA by poly(I:C) significantly (Fig. 3c) .
Next, we examined whether poly(I:C) stimulation assembles these adaptor proteins (TRIF, TRAF6 and TAK1) into a complex using immunoprecipitation. The cells were stimulated with 5Á0 mg/ml of poly(I:C) for 5 min and then lysed with a lysis buffer. The lysate was immunoprecipitated with an anti-TRAF6 antibody and the proteins that co-precipitated with TRAF6 were analysed by immunoblotting. As shown in Fig. 3d , TRIF and TAK1 were detected clearly in the protein complex immunoprecipitated by the anti-TRAF6 antibody. These findings indicate that TLR-3-associated intracellular adaptor proteins, including TRIF, TRAF6 and TAK1, are involved in the induction of LL-37 mRNA by poly(I:C) in colonic SEMFs.
Poly(I:C) activates MAPKs, NF-jB and activator factor protein (AP)-1
It has been reported that TAK1 activation leads to the activation of MAPK and NF-jB in TLR-3 signalling [25] [26] [27] . In colonic SEMFs, as shown in Fig. 4a , poly(I:C) induced 10 ng/ml, IL-4: 100 ng/ml, IL-6: 100 ng/ml, IL-10: 100 ng/ml, IL-17: 100 ng/ml, interferon (IFN)-g: 100 ng/ml, TNF-a: 100 ng/ml and transforming growth factor (TGF)-b: 100 ng/ml], and the mRNA expression of LL-37 was determined using real-time polymerase chain reaction (PCR). LL-37 mRNA expression was converted to a value relative to b-actin mRNA expression, and presented as fold increase relative to the results for medium alone (no stimulation). Data are expressed as means 6 standard error of the mean (s.e.m.) of four independent experiments. (b) The expression of LL-37 mRNA in response to Toll-like receptor (TLR) ligands and N-formyl-L-methionyl-L-leucyl-phenylalanine (fMLP). The cells were stimulated for 12 h with TLR ligands [poly(I:C)]: 5 mg/ml, lipopolysaccharide (LPS): 100 ng/ml, fragellin: 5 mg/ml and cytosine-phosphate-guanosine (CpG): 1 mg/ml) and N-formyl-L-methionyl-L-leucylphenylalanine (fMLP) (100 nM), and the mRNA expression of LL-37 was determined using real-time PCR. LL-37 mRNA expression was converted to a value relative to b-actin mRNA expression, and presented as fold increase relative to the results for medium alone (no stimulation). Data are expressed as means 6 standard error of the mean (s.e.m.) of four independent experiments. *P < 0Á05. (c) The expression of LL-37 protein in response to poly(I:C) stimulation. The cells were stimulated for 24 h with 5 mg/ml of poly(I:C), and the expression of LL-37 protein in the cells was evaluated using immunoblot analysis. The expression of glyceraldehyde 3-phosphate dehydrogenase (GAPDH) used as a loading control is shown. The data are representative of two independent experiments. (d) The secretion of LL-37 protein in response to poly(I:C) stimulation. The cells were stimulated for 24 h with 5 mg/ml of poly(I:C), and the level of LL-37 in the supernatants was determined using enzyme-linked immunosorbent assay (ELISA). Data are expressed as means 6 s.e.m. of four independent experiments. *P < 0Á05. (e) Dose-dependent effects of poly(I:C) on LL-37 secretion. The cells were stimulated for 24 h with increasing concentrations of poly(I:C), and the level of LL-37 in the supernatants was determined using ELISA. Data are expressed as means 6 s.e.m. of four independent experiments. *P < 0Á05. (f) The kinetics of LL-37 secretion in response to poly(I:C) stimulation. The cells were stimulated with 5 mg/ml of poly(I:C) for the indicated predetermined times, and LL-37 levels in the supernatant were determined using ELISA. Data are expressed as means 6 s.e.m. of four independent experiments. *P < 0Á05.
phosphorylation of MAPKs, including p38MAPK, p42/ 44MAPK and JNK, as early as 5 min after the stimulation of poly(I:C). MEK1/2 inhibitors (U0126 and PD98059), a p38 MAPK inhibitor (SB239065) and a JNK inhibitor (JNK1) suppressed the LL-37mRNA expression induced by poly(I:C) stimulation significantly (Fig. 4b) . These findings indicate that the activation of MAPKs is required for LL-37 induction by poly(I:C) in colonic SEMFs.
TAK1 activation leads to NF-jB activation [24] . Moreover, TAK1 also activates MAPKs leading to the activation of activator protein 1 (AP-1) [24, 26, 28] . In the nuclear proteins, the expression of NF-jBp65 and phosphorylated c-Jun (AP-1) was detected clearly after poly(I:C) stimulation (Fig. 4c) . As shown in Fig. 4d , the silencing of NF-jBp65 and c-Jun suppressed the expression of LL-37mRNA significantly by poly(I:C) stimulation. Efficacy of siRNAs for targeted genes is shown in the Supporting information, Fig. S2b .
The effect of LL-37 on LPS-induced expression of inflammatory mediators
LL-37 has been reported to suppress the expression of LPSinduced inflammatory mediators in human macrophages [29, 30] , so we investigated whether or not similar responses occurred in colonic SEMFs. The cells were stimulated with LL-37 (5Á0 mg/ml), LPS (100 ng/ml) or LL-37 plus LPS for 24 h, and then secretion of IL-6 and IL-8 in the supernatant was evaluated using ELISA. As shown in Fig. 5a , the IL-6 and IL-8 secretion induced by LPS was suppressed significantly by LL-37. These responses were confirmed at the mRNA levels (Supporting information, Fig. S3a) , and LL-37 suppressed LPS-induced IL-6 and IL-8 expression dosedependently ( Fig. 5b and Supporting information, Fig.  S3b ). These responses were also evaluated by NF-jB activation. For the washing procedure, colonic SEMFs were pretreated with LL-37 (5Á0 mg/ml) for 1 h, washed with sterile PBS several times to remove exogenous LL-37, and then stimulated with LPS (100 ng/ml) for 15 min. As shown in Fig. 5c , the presence of LL-37 suppressed the LPS-induced translocation of NF-jBp65 into the nucleus, but removal of LL-37 by washing attenuated the inhibitory effects of LL-37 on NF-jBp65 activation. These findings suggest that LL-37 interacts with LPS at the fluid level and exerts anti-LPS activity, but does not modulate the intracellular signal pathway of LPS. Immunoprecipitation analysis of TLR-3-associated adaptor proteins. The cells were stimulated with 5 mg/ml of poly(I:C) for 15 min, and were then lysed with a lysis buffer. Lysates were incubated with magnetic beads (Beads) coupled with anti-TRAF6 antibodies (Ab) or with control beads, and the precipitated proteins were then subjected to sodium dodecyl sulphate-polyacrylamide gel electrophoresis (SDS-PAGE) and immunoblotting to detect co-precipitated TRIF1 and TAK1. The bottom row reveals that the precipitated TRAF6 was detected by anti-TRAF6 antibodies, indicating equal loading dose and specificity of this system (no reaction without anti-TRAF6 antibodies). The data are representative of two independent experiments. 
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Discussion
In the present study we demonstrated that: (i) LL-37 was up-regulated in the inflamed mucosa of patients with UC and CD; (ii) colonic SEMFs were a major cellular source of LL-37 in the inflamed mucosa of IBD patients; (iii) LL-37 expression was induced by TLR-3 stimulation via the assembly of intracellular adaptor proteins including TRIF, TRAF6 and TAK1; and (iv) LL-37 interacted with LPS and . The cells were stimulated with 5Á0 mg/ml of poly(I:C) for 15 min, and nuclear proteins were then extracted and analysed using immunoblotting for NF-jBp65 and phosphorylated (P-)c-Jun. Lamin A/C was used as a loading control. The data are representative of one of two independent experiments. (d) The effects of siRNAs for NF-jBp65 and AP-1 (c-Jun) on poly(I:C)-induced LL-37mRNA expression. The cells were transfected with siRNA for NF-jBp65, AP-1 (c-Jun) or control siRNA, and were then incubated for 12 h with or without 5Á0 mg/ml of poly(I:C). LL-37 mRNA expression was expressed as a value relative to b-actin mRNA expression. Data are expressed as means 6 s.e.m. of four independent experiments. **P < 0Á01. attenuated proinflammatory activity of LPS. To our knowledge, this is the first extensive study of LL-37 expression in human colonic tissue and the mechanisms controlling its induction in primary cells isolated from human colonic mucosa.
In the small intestine, Paneth cells produce antimicrobial peptides, principally human a-defensin 5 (HD5) and HD6. Patients with CD of the ileum are characterized by reduced constitutive expression of HD5 and HD 6 and, accordingly, compromised anti-microbial barrier function [31, 32] . Epithelial cells have been reported to be a major expression site of LL-37 in various tissues [33] . However, there are few reports of extensive study regarding LL-37 expression in human colonic tissue. Initial study of IBD showed that mucosal mRNA expression of LL-37 was increased in UC patients, but not in CD patients [12] . In the current study, we observed that LL-37 expression was increased significantly in the inflamed mucosa of both UC and CD patients. Moreover, we observed that colonic SEMFs, but not epithelial cells, are the main cellular source of LL-37 in the inflamed mucosa of IBD, although a previous study showed a limited expression of LL-37 in the inflamed mucosa of IBD patients [12] . The reason for different observations between the previous and current studies remains unclear, but our findings indicate that LL-37 is induced in the inflamed mucosa of IBD patients and suggest that LL-37 may act as one of the protective factors against microbial invasion which aggravate gut inflammation. In contrast to reduced expression of HD5 and HD6 in the small intestine in patients with ileal CD [31, 32] , antimicrobial activity in the colon might be enhanced through increased expression of LL-37 in colonic SEMFs.
The molecular mechanisms responsible for LL-37 induction are not yet understood fully. We found that a TLR-3 The cells were incubated for 24 h with or without LL-37 (5Á0 mg/ml), LPS (100 ng/ml) or LL-37 (5Á0 mg/ ml) plus LPS (100 ng/ml). The levels of IL-6 and IL-8 in the supernatants were measured using enzyme-linked immunosorbent assay (ELISA). Data are expressed as means 6 standard error of the mean (s.e.m.) of four independent experiments. **P < 0Á01. (b) Dose-dependent effects of LL-37 on LPS-induced secretion of IL-6 and IL-8. The cells were incubated for 24 h with a combination of LPS (100 ng/ml) and increasing concentrations of LL-37. The levels of IL-6 and IL-8 in the supernatants were measured using ELISA. Data are expressed as means 6 s.e.m. of four independent experiments. **P < 0Á01. (c) The effect of LL-37 on LPS-induced translocation of nuclear factor kappa B (NF-jB)p65 into the nucleus. The cells were incubated for 15 min with medium alone, LL-37 (5Á0 mg/ml), LPS (100 ng/ml) or LL-37 (5Á0 mg/ml) plus LPS (100 ng/ ml). Another group of cells was pretreated with LL-37 (5Á0 mg/ml) for 1h and then washed with phosphate-buffered saline (PBS), and then LPS (100 ng/ml) was added and incubated for 15 min. NF-jBp65 in the nuclear protein was analysed using immunoblotting. The data are representative of two independent experiments. ligand stimulates the expression of LL-37 in colonic SEMFs. TLR-3 is a major mediator of the cellular response to viral infection because it responds to dsRNA, which is produced by viral replication [34] . Recent studies have suggested that bacterial and viral infection co-exist mainly at inflammatory sites [35] and that the cross-talk between TLR-4 and TLR-3 enhances synergistically the inflammatory or protective response in cases of mixed infection [35] . In such situations, TLR-3 stimulation by viral infection may contribute to an increase in subsequent anti-bacterial activity mediated by induced LL-37.
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In the cases of cell injury or tissue damage, cells die by necrosis and the heterologous RNA released from necrotic cells stimulates TLR-3 signalling and induces immune activation without the involvement of pathogens. The response to self-RNA is known as one of the 'danger' signals [35] . In addition, TLR-3 serves as a regulator of the amplification of the immune response as well as an endogenous sensor of necrosis, independent of viral activation [34] . LL-37 promotes anti-bacterial activity by binding to nucleic acids to facilitate recognition of self-DNA by TLR-9, self-RNA by TLR-7 and TLR-8 or double-stranded RNA by TLR-3 [34] . These findings suggest that endogenous RNA released from necrotic cells may be involved in LL-37 induction and may contribute to amplification of TLR-3 signalling, leading to enhancement of anti-bacterial activity against microbial infection after tissue injury.
The intracellular signalling pathway for LL-37 induction remains unclear, as the stimulatory molecules that induce LL-37 expression have not been identified. A previous study reported that butyrate induces LL-37 expression in colon cancer cell lines [14] , but precise study has not been conducted in primary cells isolated from human colonic mucosa. In colonic SEMFs, the TLR-3 ligand [poly(I:C)] stimulated LL-37 expression. Previous studies reported that the TLR adaptor molecule (TRIF) facilitates TLR-3 signalling and concomitant activation of the transcription factors, NF-jB and AP-1, leading to proinflammatory cytokine production [28, 36] . In this study, we demonstrated for the first time that the TLR-3-mediated intracellular signalling pathway leading to LL-37 expression required the formation of a complex of adaptor proteins, TRIF, TRAF6 and TAK1 in human colonic SEMFs. Furthermore, we found that LL-37 induction is mediated by activation of transcription factors NF-jB and AP-1, although the roles of NF-jB and AP-1 have not been investigated previously.
A variety of biological functions, including antimicrobial activity and a variety of immunomodulatory properties, have been attributed to LL-37 [37] . For example, LL-37 has been reported to down-regulate TLR-4 signalling in the macrophage cell line via binding for LPS and CD 14 [38] . To investigate the role of LL-37 under the condition of bacterial and viral mixed infection, we examined the interaction between LL-37 and an endotoxin in colonic SEMFs. LL-37 suppressed LPS-induced expression of IL-6 and IL-8 significantly, and this inhibitory effect was also observed in LPS-induced NF-jB activation. Interestingly, pretreatment with LL-37 and the washing process cancelled the inhibitory effect of LPS on NF-jB activation. This indicates that the co-existence of LL-37 and LPS is required to exert the inhibitory effect of LL-37 and that LL-37 does not modulate intracellular LPS-TLR-4 signalling. These findings suggest that LL-37 might interact directly with LPS in the fluid phase and might attenuate the biological activity of LPS. In general, a major function of AMPs is to respond rapidly to mucosal damage and establish a temporary protective shield against infection [7] . Therefore, LL-37 might play a protective role in bacterial and viral mixed infection through the formation of an anti-bacterial shield and attenuation of LPS activity to quell excess gut inflammation.
In summary, LL-37 expression was increased in the inflamed mucosa of UC and CD patients. In such conditions, colonic SEMFs were identified as the primary cellular source. In-vitro experiments using isolated SEMFs suggest that the major signalling pathway leading to LL-37 expression was mediated by TLR-3. As TLR-3 responds to viral and heterologous RNA from necrotic cells, LL-37 might play a role in viral infection as well as tissue injury with necrosis. In addition, LL-37 attenuated the LPS-induced inflammatory response in colonic SEMFs strongly. In the inflamed mucosa of IBD, LL-37 might enhance antibacterial and anti-LPS activities to protect tissue from bacterial infection and excess inflammatory response.
Supporting information
Additional Supporting information may be found in the online version of this article at the publisher's web-site: Table S1 . Antibodies, reagents and polymerase chain reaction (PCR) primers used in this study . The cells were transfected with control siRNA and siRNAs specific for NF-jBP65 and c-jun. The effect of siRNAs was evaluated using real-time polymerase chain reaction (PCR). NF-jBp65 and c-Jun mRNA expression was converted to a value relative to b-actin mRNA expression and presented as fold increase relative to the results for medium alone. Data are expressed as means 6 standard error of the mean (s.e.m.) of four independent experiments. *P < 0Á05. Fig. S3 . The effect of LL-37 on lipopolysaccharide (LPS)-induced mRNA expression of interleukin (IL)-6 and IL-8. (a) The effect of LL-37 on LPS-induced mRNA expression of IL-6 and IL-8. The cells were incubated for 12 h with LL-37 (5Á0 mg/ml), LPS (100 ng/ml) or LL-37 (5Á0 mg/ml) plus LPS (100 ng/ml). The mRNA expression of IL-6 and IL-8 was evaluted using real-time polymerase chain reaction (PCR). The mRNA expression of IL-6 and IL-8 was converted to a value relative to b-actin mRNA expression, and presented as fold increase relative to the results for medium alone (no stimulation). Data are expressed as means 6 standard error of the mean (s.e.m.) of four independent experiments. **P < 0Á01. (b) Dosedependent effects of LL-37 on LPS-induced mRNA expression of IL-6 and IL-8. The cells were incubated for 12 h with LPS (100 ng/ml) plus increasing concentrations of LL-37. The mRNA expression of IL-6 and IL-8 was evaluated using real-time PCR. The mRNA expression of IL-6 and IL-8 was converted to a value relative to b-actin mRNA expression, and presented as fold increase relative to the results for medium alone (no stimulation). Data are expressed as means 6 s.e.m. of four independent experiments. **P < 0Á01.
